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Abstract 
To study the long term effects of geochemically and microbially induced mineral dissolution and precipitation during CO2
storage and their impact on storage reliability and efficiency, laboratory experiments under in situ P-T conditions were 
performed. Long term CO2 exposure experiments were initiated in September of 2007 using fresh core material from the 
reservoir horizon at the CO2SINK project in Ketzin, Germany. Formation water-filled sandstone samples, obtained from a depth 
of 627 to 633 m, have been incubated individually in high pressure vessels together with sterile synthetic formation brine under
simulated reservoir P-T conditions of 5.5 MPa and 40°C. After 15, 21, and 24 months of CO2 exposure, rock and fluid samples 
were analyzed with respect to geochemistry, microbial community, as well as mineralogical and petrophysical characteristics.  
The analysis of fluid samples revealed the dissolution of mineral phases during CO2 exposure, indicated by increasing 
concentrations of Ca2+, Mg2+, K+ and SO4
2-. First mineralogical results are in consistence with the fluid chemical data and 
showed dissolution of anorthitic plagioclase, K-feldspar and anhydrite. However, the mineral dissolution can only partly be 
attributed to the influence of CO2. A proportion is due to the equilibration between rock and synthetic brine. The dissolution of 
minerals led to increasing porosities, as observed with NMR measurements and mercury injections. Decreasing porosities after 
24 months of incubation together with decreasing inorganic fluid component concentrations, and precipitation of albite suggest 
secondary mineral precipitation. 
A 16S rDNA based fingerprinting method was used to identify the dominant species in DNA extracts of pristine sandstone 
samples. So far sequences belonging to facultative anaerobic, chemoheterotrophic bacteria were identified. During CO2 exposure 
minor changes in the microbial community composition were observed. The majority of microbes were able to adapt to the 
changes in environmental conditions. 
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1. Introduction 
The long term storage of carbon dioxide in deep saline aquifers is among the most promising approaches for 
geologic CO2 storage [1]. The CO2SINK in situ laboratory at Ketzin is located in the Northeast German Basin about 
40 km west of Berlin. CO2 is injected into a saline aquifer of the Stuttgart Formation (Triassic, Middel Keuper) at a 
depth of about 650 m below surface to examine the feasibility and effects of carbon dioxide storage [2]. The project 
is accompanied by a comprehensive monitoring program, including laboratory experiments. 
The injection of CO2 in the subsurface will induce geochemical changes, including acidification of the brine and 
subsequent mineral dissolution and secondary mineral precipitation [3]. As a consequence, porosity and 
permeability may change, affecting storage capacity and efficiency. [4]. Specific studies concerning mineral 
dissolution and precipitation kinetics using flow through [5] or stationary exposure experiments [6, 7] have been 
carried out in the past. But still, the complex multiphase interactions, and mineral transformation kinetics are rarely 
understood. 
In addition to the chemically induced processes, microbial activities may accelerate geochemical changes. They 
play a major role in the transformation of minerals [4]. During CO2 storage changes in the availability of inorganic 
and organic components in the reservoir system may occur, consequently influencing microbial activities.  
To investigate the complex interactions between CO2, reservoir rock, brine, and microbially facilitated processes, 
long-term laboratory CO2 exposure experiments under simulated reservoir P-T conditions were carried out. 
Formation water-filled reservoir sandstone samples, obtained from the CO2 storage site in Ketzin, Germany, were 
incubated in high pressure vessels together with synthetic brine at 5.5 MPa and 40 °C, and exposed to food-grade 
CO2.
These experiments represent the first laboratory simulation experiments integrating geochemical, 
microbiological, mineralogical, and petrophysical studies. Another unique feature is the long term duration of the 
experiments over years. Here first results from the first 24 months of CO2 exposure are summarized.  
2. Experimental setup 
Core material from the well Ktzi 202 was used for the setup of long-term experiments, because sufficient suitable 
core material for microbiological studies could be obtained. Freshly drilled rock cores, 89 mm in diameter, were 
obtained from the reservoir (Fig. 1A). Because outer parts of sandstone cores have been shown to be contaminated 
with drilling mud [8], inner core sections were used. Inner cores of 50 mm in diameter and 100 mm in length were 
prepared by drilling with argon (Fig. 1B), sawing and grinding using surface sterilized (flamed) equipment. 
Additionally, rock pieces of about 20 x 20 mm were prepared from inner core regions using a surface sterilized 
chisel. Because no pristine formation water was available in September 2007 a synthetic brine (172.8 g/l NaCl, 0.62 
g/l KCl, 8.0 g/l CaCl2
.6H2O, 4.9 g/l MgCl2
.2 H2O) was used for these experiments. The chemical composition was 
chosen according to available information from well water from the Stuttgart formation in Ketzin [9]. It later turned 
out that the pristine Ketzin formation water has a 20% higher salinity. In seven experiments (Fig. 1C-1I), core 
samples from the 627 to 633 m depth interval of the well, were incubated individually together with sterilized 
(autoclaved) synthetic brine  in stainless steel vessels (No 4.751, Fig. 1J) and were exposed to high CO2 partial 
pressures under simulated reservoir conditions of 5.5 MPa and 40 °C. After 15, 21, and 24.5 months of CO2
incubation vessels were opened (pressure was released) and rock and fluid samples were analyzed for geochemistry, 
microbial community composition [10], as well as the mineralogical [11] and petrophysical characteristics.  
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5. Mineralogical analysis 
 The mineral composition of  untreated and treated rock samples was determined by various methods like optical 
and scanning electron microscopy, X-ray diffractometry, and electron microprobe analyses [15]. The reservoir 
sandstone is fine grained, moderately well- to well sorted, angular to subangular and only partly consolidated. It is 
composed mainly of quartz and plagioclase. K-feldspar, mica, clay minerals and hematite are minor phases. Chlorite 
and illite are the most important clay minerals. The samples are weakly cemented by anhydrite, analcime, and 
occasionally dolomite [11]. These observations are in accordance with the results, obtained for the wells Ktzi 200 
and Ktzi 201 [16].  
After CO2 exposure of 15 and 21 months signs of mineral alterations were found. The applied mineralogical 
analyses indicate the dissolution of anorthitic plagioclase, K-feldspar and anhydrite, as well as stabilization or 
precipitation of albite [15].  
6. Microbial community fingerprinting 
Microorganisms play an important role in the transformation of materials within the earth’s crust. The dissolution 
of feldspar [17] and Fe(III) minerals [18], and the precipitation of metal sulfides, and silicate and calcite phases [19] 
are examples on how bacteria can determine mineralogical characteristics. Changes in the inorganic and organic 
compositions of the reservoir together with redistribution processes may affect microbial activities. To estimate the 
microbial influence on chemical and physical reservoir properties, the composition of the microbial community and 
its changes during CO2 exposure was analyzed. Results of experiment B4-2 are described in [10]. 
In general, the number of cells in the sandstone material was found to be very low and only low amounts of 
DNA could be extracted. A 16S rDNA fingerprinting method (PCR-DGGE) was used to identify the dominant 
species in DNA extracts of pristine sandstone samples. Sequences, belonging to chemoheterotrophic (Burkholderia 
fungorum, Agrobacterium tumefaciens) or facultative chemolithoautotrophic microorganisms (Hydrogenophaga)
were identified, oxidizing either organic molecules or hydrogen to gain energy. From related species is known that 
they can use ferric iron or nitrate as terminal electron acceptors during anaerobic respiration. During CO2 exposure 
slight changes in the microbial community were observed. The majority of the microbes was able to adapt to the 
changed environmental conditions [10].  
7. Summary 
Overall, geochemical, petrophysical and mineralogical data suggest that CO2 exposure led to mineral dissolution 
in the laboratory experiments. Concentrations of Ca2+, Mg2+ and K+ in solution increased during exposure. These 
concentrations exceeded the equilibrium concentrations (equilibrium between rock and brine) and reflect the 
dissolution of corresponding minerals. These results agree well with the mineralogical investigations, showing signs 
of dissolution of anorthitic plagioclase, K-feldspars and anhydrite. Mineral dissolution was also reflected in 
increasing porosities. Decreasing porosities after 24 months of exposure, slightly reduced fluid concentrations, and 
the occurrence of albit grains in treated sandstone samples indicate secondary mineral precipitation. Due to the 
variability of the reservoir sandstone more evaluation is needed to identify significant mineralogical changes related 
to CO2 exposure.  
Microorganisms, predominantly chemoheterotrophic, were detected in the sandstone and were affected slightly 
by the changed environmental conditions during CO2 exposure. The majority were able to adapt to the changed 
environmental conditions. Because little physiological information about the organisms is available, more evaluation 
is needed to estimate to microbial impact on mineral dissolution and precipitation during CO2 storage.  
With the described experimental setup geochemical, mineralogical, petrophysical and microbial changes in 
reservoir rock material, occurring under stationary conditions of CO2 exposure, has been monitored over time. The 
laboratory experiments do not take into account fluid dynamics and different brine/gas saturations, existing in the 
3648 M. Wandrey et al. / Energy Procedia 4 (2011) 3644–3650
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reservoir during CO2 storage. Therefore a steady state level of induced processes may be reached after a certain 
time.  
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